Fruits of mulberry (Morus alba) have been widely used for therapeutic purposes in Asian countries for centuries. Treatment of 3T3-L1 cells with ethanolic extracts of M. alba decreased adipocyte differentiation at 100 μg/mL by 18.6%. Treatment suppressed mRNA levels of PPARγ and C/EBPα expression in 3T3-L1 cells. However, the extract did not change free glycerol release from mature adipocytes. Thus, M. alba inhibited lipid accumulation by regulating transcription factors in 3T3-L1 adipocytes without a lipolytic effect. Among the soluble-fractions, the ethyl acetate-soluble fraction had the highest antiadipogenic effects on 3T3-L1 cells. This fraction decreasing intracellular lipid accumulation by 38.5% in response to treatment with 100 μg/mL. In addition, HPLC analysis of the ethyl acetate-soluble fraction of M. alba contained 167.7 μM of protocatechulic acid in 1 mg/mL of fraction, which inhibited lipid accumulation by 44.8% in response to treatment with 100 μM. From these results, M. alba is a possible candidate for regulating lipid accumulation in obesity.
Natural products have been used as traditional medication for diseases including obesity-related metabolic disorders. Many foods have anti-obesity effects, such as fruits, vegetables, cereals, and legumes [1, 2] . With the recent increased interest in remedies for obesity, many investigators are interested in phytochemicals such as triterpenoids, essential oils, and flavonoids that can be found in meaningful amounts in fruits. Most fruit is naturally low in energy, and whole fruit has been shown to increase satiety [3] ; however, the role of fruit and vegetable consumption in weight loss is unclear [4] , but fruit may play a role in weight maintenance [5, 6] . Phenolic acids, flavonoids, and tannins are phytochemicals ubiquitous in food of plant origin [7] , and are recognized for their important contribution to both human diet and health [8, 9] .
Mulberry (Morus alba L.), family Moraceae, has been cultivated in many Asian countries, including China, Korea, and Japan, both for leaves and fruit, which are widely used in folk medicine [10] . Many studies show that mulberry fruits can be used as a warming agent, as a remedy for dysentery, and as a tonic, sedative, laxative, odontalgic, anthelmintic, expectorant, and emetic [11] . The mulberry leaf has been reported to be rich in flavonoids that have different biological activities including antioxidant capacity [12, 13] . The main flavonols in mulberry fruit are morin, quercetin, rutin, and myricetin [14] . Pharmacological and biochemical activities of flavonoids have been reported [15] . Chen et al. reported that protocatechuic acid was the main phenolic acid in alcoholic beverages of mulberry [16] .
Obesity is a serious health problem in industrialized countries since it is implicated in various diseases, including type II diabetes, hypertension, cancer, and coronary heart disease [17] . Obesity is an energy balance disorder in which nutrient intake chronically exceeds energy expenditure, resulting in excessive white adipose tissue accumulation [18] . Adipocytes are highly specialized cells for lipid and energy storage. An increase in adipose tissue mass occurs through the triggering of adipocyte differentiation by a two-step process: the proliferation of preadipocytes and the differentiation of these cells into mature adipocyte cells [19] . Adipocyte differentiation has often been a target of anti-obesity strategies because obesity is caused not only by hypertrophy of adipocytes, but also by adipocyte hyperplasia [20] . The 3T3-L1 cell line is commonly used as an adipocyte differentiation model system for investigation of molecular mechanisms that regulate adipogenesis [21] . In this paper, we report inhibitory effects of mulberry extracts and fractions on adipogenesis and lipolysis in 3T3-L1 preadipocytes and characterization of protocatechuic acid in mulberry fruits
We tested the effects of M. alba extracts on 3T3-L1 preadipocyte differentiation induced by the hormone cocktail (MDI) by spectrophotometry using Oil-red O contents. Treatment of 3T3-L1 cells with ethanolic extracts of M. alba decreased adipocyte differentiation in a dose-dependent manner. At a concentration of 100 μg/mL, the extract inhibited adipogenesis by 18.1% ( Figure  1A) . Adipocyte differentiation includes a series of programmed changes in specific gene expressions. Peroxisome proliferatoractivated receptor gamma (PPARγ) and CCAAT/enhancer binding protein alpha (C/EBPα) are two central transcriptional factors which induce transcriptional activation in 3T3-L1 preadipocyte cells. Over-expression of these transcription factors can accelerate adipocyte differentiation [22] . To determine if reduced adipogenesis is caused by the inhibition of adipogenic transcription factors, we used reverse-transcription PCR to evaluate the expression level. As shown in Fig. 1B , mRNA levels of PPARγ and C/EBPα were decreased compared with MDI at 100 μg/mL of M. alba. Based on these results, M. alba may result in the inhibition of lipid accumulation by suppressing transcription factors such as PPARγ and C/EBPα adipocyte-specific genes.
To determine which fractions of the extract affected adipogenesis, the anti-adipogenic effects of each fraction on MDI induced cell adipogenesis was investigated. Some of the tested fractions exhibited anti-adipogenic effects except for the n-butanol and watersoluble fractions (Figure 2A) . N-Hexane, chloroform and ethyl acetate-soluble fractions decreased intracellular lipid accumulation. The ethyl acetate-soluble fraction (MEA) had the best antiadipogenic effects; intracellular lipid accumulation was decreased by 38.5% in response to treatment with 100 μg/mL of extract. Lipolysis, the process by which fat cells degrade and release their content of triglycerides, is a potential therapeutic target for obesity. To determine whether MEA exerts lipolytic effects in 3T3-L1 adipocytes, it was treated with differentiated 3T3-L1 cells. Glycerol level in the medium after treatment with various concentration of MEA was measured. As shown in Figure 2B , glycerol secretion did not change with the treated-concentration of MEA. From these data, MEA might be inhibiting adipocyte differentiation without lipolytic effects. Further studies on the anti-adipogenic effects of MEA are needed, including mechanisms of anti-adipogenesis and TG degradation on adipocytes.
We used HPLC to determine the level of protocatechulic acid in MEA. Its presence was confirmed by comparison of the retention times and UV spectra of the samples with those of standard compounds. One mg/mL of MEA contained 167.7 μM of protocatechulic acid, which inhibited lipid accumulation by 44.8% at 100 μM (Figure 3 ).
Recent studies have demonstrated the anti-obesity effect of naturally occurring extracts. Hsu and Yen investigated the inhibitory effect of naturally occurring flavonoids on adipocyte differentiation by inhibiting the expression of adipogenic key factors such as PPARγ and C/EBPα in 3T3-L1 cells [23] [24] . In our study, extract of mulberry fruit inhibited the accumulation of triglycerol in 3T3-L1 preadipocytes by inhibiting mRNA expression of PPARγ and C/EBPα (Figure 1) . Also, the ethyl acetate-soluble fraction of mulberry fruit extract decreased intracellular lipid accumulation (Figure 2 ). Few data have been reported demonstrating the Inhibitory effects of mulberry extracts on adipogenesis and lipolysis Natural Product Communications Vol. 8 (11) 2013 1581 regulatory effects of M. alba leaves on lipid metabolism in adipocytes [25] [26] . However, these results demonstrated the antiadipogenic effects of mulberry fruits on adipocytes for the first time. Intracellular lipases facilitate lipolysis, the process through which stored triglycerol is hydrolyzed to release free fatty acids and glycerol. However, MEA did not stimulate glycerol secretion. Thus, the anti-adipogenic effects of MEA were not due to lipolytic effects in adipocytes. In a recent study, mulberry leaf extract was shown to contain polyphenols (44.8%), including gallic acid, protocatechuic acid, catechin, gallocatechin gallate, caffeic acid, epicatechin, rutin, and quercetin [27] . Mulberry is rich in flavonoids that have biological and pathological activities [28] . In this study, fractions of M. alba fruits were shown to contain protocatechuic acid, which was quantitatively analyzed for the first time. Although an anticarcinogenic effect of protocatechuic acid is known, anti-adipogenic effects have not been reported previously. We showed that proteocatechuic acid suppressed lipid accumulation in adipocytes ( Figure 3 ). However, correlation of anti-adipogenic effect with proteocatecuic acid content was not observed.
In conclusion, we demonstrated that extracts of M. alba inhibited adipocyte differentiation by regulating PPARγ and C/EBPα. MEA decreased lipid accumulation without lipolytic effects in 3T3-L1 adipocytes. In addition, protocatechuic acid, a component of MEA, decreased lipid accumulation in 3T3-L1 adipocytes. Thus, the results indicate that fruits of M. alba are a possible candidate for regulating lipid accumulation in obesity.
Experimental
Materials: 3T3-L1 fibroblasts were purchased from American Type Culture Collection (ATCC, Manassas, VA). Antibiotic/antimycotic solution (100X, 100 units) was purchased from WellGENE Biopharmaceuticals (Dae-gu, Korea). Dulbecco's modified Eagle's medium (DMEM)-high glucose and fetal bovine serum (FBS) were also from WellGENE Biopharmaceuticals. Isobutylmethyl-xanthine (IBMX), insulin, dexamethasone (DEX), protocatechuic acid and free glycerol reagent were purchased from Sigma (St. Louis, MO). Reverse transcription system using ImProm-IITM was purchased from Promega (Madison, WI), and AccupowerTM PCR premix from Bioneer (Daejoen, Korea).
Preparation of sample:
The fruits of Morus alba were purchased from Seonunsan-nonghyup (Kochang, Korea). Ten g of freeze-dried fruits was extracted with 100 mL of 70% ethanol at 100°C for 6 h and filtered. The ethanolic extract was evaporated under vacuum at 50°C. The ethanolic extracts were then fractionated successively with n-hexane (0.47 g), chloroform (2.97 g), ethyl acetate (0.51 g), n-butanol (0.62 g), and water (1.64 g) and stored at -20 until assayed.
Cell culture and adipogenic differentiation: 3T3-L1 cells were maintained in DMEM supplemented with 10% FBS and 100 units of antibiotics at 37°C in a 5% CO 2 atmosphere. For adipogenesis, the 3T3-L1 cells were grown until post confluence. Two days postconfluence 3T3-L1 cells (designated day 0) were fed with DMEM containing 10% FBS and hormone cocktail (10 μg/mL insulin, 0.5 μM dexamethason (DEX), 0.5 mM 3-Isobutyl-1-methylxanthine (IBMX)). After that, culture medium was changed with DMEM supplemented with 10% FBS and 10 μg/mL of insulin every 2 days. To determine the roles of M. alba in adipocyte differentiation, extracts and fractions (10, 50, 100 μg/mL) were added to the insulin containing medium on day 0, 2 and 5 and incubated until day 8.
Oil Red O staining: Adipocyte differentiation was typically monitored by staining the cultured cells with Oil Red O [29] . Oil red O staining was carried out for evaluatinglipid accumulation in a differentiated adipocytes. The cells were gently washed by PBS and the fixed in 3.7% paraformaldehyde for 10 min. The oil red O staining solution (3:2 mixture of 0.2% Oil Red O-isopropanol solution and water) was added to the cells and kept at room temperature for 1 hr. For the quantification of Oil red O uptake, the cells were resolved with isopropanol and determined using a spectrophotometer at 510 nm (M2 Microplate Reader, Molecular Device).
